Infection of mammalian cells with members of the poxvirus group elicits the production of a number of virus-induced, soluble antigens. There is, at present, no unanimity of opinion regarding the exact number of such antigenic proteins. Recent estimates range from 8 to 20 individual immunogenic proteins (1, 12) . Specific information regarding the role of the virus-induced, soluble antigens in the infectious process is lacking, although one may surmise from available evidence that some of these antigens represent virus-induced enzymes (8, 10, 11) , and that others are virus structural proteins produced in excess (2) . One must also entertain the possibility, however unlikely, that other classes of virus-induced proteins concerned neither with enzyme activity nor virus structure exist.
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Virus. A substrain of the vaccinia IHD strain was employed throughout. This substrain, designated as IHD-, does not elicit production of hemagglutinin in infected mammalian cells.
Virus purification. Virus obtained from homogenates of infected KB cells was purified as described by Joklik (6) .
Virus titration. The plaque technique was employed with the use of primary chick embryo monolayers and agar overlays in essentially the same manner described by Salzman et al. (14) .
Soluble antigen preparations. Virus-infected cells, washed and concentrated 50-to 100-fold in phosphate-buffered saline (PBS), were disrupted by sonic treatment for three intervals of 1 min each at 10 kc with a Raytheon sonic oscillator. The preparations thus obtained were centrifuged for 30 min at 100,000 X g, after which the supernatant fluids were collected and dialyzed versus 0.01 M phosphate buffer (pH 7.2).
This crude material containing less than 0.01% of the infectivity of the uncentrifuged concentrate and exhibiting very high titers of virus-induced complement-fixing antigens was termed the soluble antigen mixture (SAM).
The LS antigen fraction was prepared from SAM by a modification of the procedure of Cragie and Wishart (3) . Briefly, after membrane filtration (GS, 220 m,u; Millipore Filter Corp., Bedford, Mass.), SAM was dialyzed versus acetate buffer (pH 4.6) to yield a heavy precipitate and a clear supernatant fraction. The precipitate, when collected by centrifugation and dialyzed overnight against cacodylate buffer (pH 6.3) , is partially soluble. This soluble fraction, by convention, is termed the LS antigen. The insoluble fraction was dissolved in barbital buffer and 0.1 N NaOH.
The original supernatant fractions, containing proteins and other macromolecules not precipitated at pH 4.6, is referred to hereafter as the acid-soluble (AS) fraction. The LS and AS fractions were adjusted to neutrality, and the procedure, just described, was repeated to effect a further purification. The final fractions, which contained essentially all of the original solublecomplement-fixing activity, were then dialyzed versus 0.01 M phosphate buffer (pH 7.2) and centrifuged at 100,000 X g for 1 hr.
Preparation of antisera. Antisera directed against virus and presumably against the entire spectrum of virus-induced proteins were produced by infecting rabbits with purified virus via the intradermal route. After recovery, such animals were hyperimmunized by four intravenous (iv) injections of 1 Table 1 . The first fraction, sedimented by centrifugal forces of 15,000 X g or over, contained cellular debris and most of the newly synthesized virus. This material, however, exhibited only a relatively small amount of virus-specific complement-fixing activity. The supernatant fluids, in contrast, contained little virus and the bulk of the virus-induced complement-fixing antigens. These are referred to by convention as soluble antigens.
One may, in fact, submit sonic-treated material to centrifugal forces as great as 100,000 X g for 30 min or more and still retain 50% or more of the original complement-fixing activity in the supernatant fluids. There is no evidence that centrifugal forces in excess of 15,000 X g selectively remove antigens of a particular species from suspension.
Examination of soluble antigen preparations by immunological and physical methods. A number of independent studies indicated that vacciniainfected cells synthesize a complex mixture of soluble antigens (1, 12) . In this laboratory the following results were obtained under the conditions employed.
(i) Immunodiffusion. The complex pattern shown diagrammatically in Fig. la Further characterization of virus-induced soluble antigens by gel filtration. In view of the complexity of the soluble antigen fraction, it seemed probable that a preliminary grouping of these antigens could be made on the basis of molecular weight. Accordingly, sonic-treated IHDT-infected KB cells were added to Sephadex G 200 columns after dialysis of the sample against elution buffer and centrifugation at 100,000 x g for 30 min to remove virus and large aggregates. Similarly prepared sonic-treated, normal host cells labeled with C14-valine were mixed with SAM for a comparison of the elution profiles of normal-host proteins with that of virusinduced protein. The elution profile of virus-induced protein was established by titering each eluate for specific CF activity by use of antibody directed against SAM. The asymmetry of the elution proffle seen in a typical experiment (Fig.  3a) suggested that, although many of the virusinduced soluble antigens were of a molecular weight in the vicinity of 200,000 or greater, an appreciable fraction of the soluble proteins was retarded in elution, indicating a fraction of lower molecular weight.
The eluates under bars I and II in Fig. 3a were pooled separately, concentrated and passed, in turn, through Sephadex G 200 once again. The results of these runs are superimposed for purposes of comparison in Fig. 3b (Fig. lb) . ployed to examine the HMW material which had been further fractionated on Biogel 300, the very high molecular weight subfraction (molecular weight of 300,000 and greater) exhibited only the G arc. The remaining HMWV material with an apparent molecular weight of roughly 200,000 formed the A and B arcs.
LMW (fraction la). The antigens contained in this pool exhibited less than 15% of the total CF activity of the starting material. Upon gel ifitration of this fraction through Sephadex G 75, it was noted that the antigens, as detected by specific antisera, were not found in the front eluates, but were retarded somewhat. To better illustrate this retention of LMW antigens, SAM was passed through Sephadex G 75, and successive eluates were tested for complement-fixation activity with anti-HMW, anti-LMW, and anti-SAM. The results of this experiment (Fig. 4) showed some retardation in the elution of the LMW antigens. In contrast, the LMW antigens eluted with the front from G 50 columns. One can, therefore, assign an approximate molecular weight range of 50,000 to 100,000 for the soluble antigens in this fraction. 0) phoresis of this material revealed the D, E, and F precipitin arcs characteristic of the low molecular weight species. It is notable, however, that antigen C was consistently missing from CaPO4 eluates. It is apparent, from these data and from testing each sample for CF activity with the use of antisera specific for pooled high and low molecular weight antigens (Fig. 6b) , that chromatography on calcium phosphate separates the soluble virus-induced antigens into essentially the same two major groups as revealed by gel filtration. Indeed, antigens of the high and low molecular weight species obtained from two cycles of gel filtration elute from calcium-phosphate columns at the molarities one would predict from Fig. 6b ( (16) , which contended that the AS material contains no detectable virus -specific antigens. Immunodiffusion of the LS material showed it to be a complex material comprised of no fewer than three antigens, as defined by precipitin lines. Immunoelectrophoresis of this material revealed strong A and B precipitin arcs (Fig. lib) , and disc electrophoresis, as expected, showed the corresponding RF 0.25 and 0.45 bands and only a minimal amount of host-cell protein contamination of this fraction. In contrast, the AS fraction, containing roughly 10% of the total recovered CF activity, exhibited the C, D, and E antigen arcs when examined by immunoelectrophoresis (Fig. lb) . These arcs have been shown, in the previous section, to represent the Table 2 , that a major part of the normal -host protein resided in this fraction.
It would appear from these data that the procedures employed for the preparation of LS antigens serve also to segregate the crude antigen mixture (SA V) into essentially the same high and low molecular weight species revealed by gel filtration. To test this more directly, gel filtration of LS and AS material was carried out on Sephadex G 200 columns. The results of this experiment (Fig. 7) showed the LS antigen eluting in the HMW region, indicative of a molecular weight of around 200,000 or greater, and the AS antigen being significantly retarded, as expected of proteins of the lower molecular weight fraction. Similarly, when the migration of the LS and AS antigens in sucrose density gradients (5 to 20%) with the use of anti-SAM to test successive samples for specific CF activity was examined, almost precisely the same sedimentation patterns seen in Fig. 5 for the HMW and LMW antigens were obtained. On the basis of these data, as well as that presented in the preceding section, it appears that the LS and AS antigen complexes are very similar in composition to those obtained by gel filtration; the whole of these results are consistent with the idea that vaccinia-induced soluble antigens can be rather sharply separated into two classes.
Additional immunological evidence for the separation of the LS and AS antigens through use of homologous antiserum and sera prepared against the calcium phosphate fraction and against high and low molecular weight fractions from Sephadex, is shown in Table 3 . These data serve also to relate the major calcium phosphate peaks (Fig. 6) The virus-induced soluble antigens of the system described can be rather sharply divided into two classes: those with an apparent molecular weight of 200,000 and greater and those antiges with a molecular weight range from 50,000 to 100,000. The characteristics of these antigen classes are summarized in Fig. 8 .
It had been noted formerly in this and other laboratories (2) that virus-free, soluble-antigen preparations can elicit production of virus-neutrlizing antibody. Examination of the soluble antigen fractions in this regard reveals two things: first, that injection of rabbits with the HMW soluble-antigen fraction results in the production of neutralizing antibody, and second, that the LMW soluble-antigen fraction had little, if any, capacity to elicit production of neutralizing antibody. With regard to the latter, it has been noted by a number of investigators that infection of mammalian cells by poxviruses is followed by "early" synthesis of a number of enzymes (10, 11) , of which at least one appears to be unique to the virus-infected system (7) . These There seems to be a consensus among current investigators that the so-called LS antigen is indeed an antigen complex comprised of three or more antigenic moieties. It is notable that injection of the material into rabbits does not result in the production of neutralizing antibody (19) despite the fact that this fraction resembles closely the HMW antigen class obtained by gel filtration. One may observe a difference between the HMW fraction and the LS fraction by immunoelectrophoresis: the LS material does not exhibit the G (Fig. lb) 
